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Abstract – Th e Nagyharsány Crystal Cave is a new, probably Late Pleistocene palaeovertebrate 
locality, from where this is the fi rst report on the herpetofauna. Th e study revealed the presence 
of Bufo viridis (Anura) and Natrix sp., the appearance of which taxa suggests that the fossilifer-
ous sediments were probably accumulated at the beginning of an interglacial phase in a steppe or 
woody steppe environment. With 2 fi gures.
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INTRODUCTION
Th e Villány Hills are very rich in Pleistocene fossil vertebrate localities. 
Th ere are more than 50 occurrences where the fossil fauna may be correlated 
with the Lower and/or Middle Pleistocene ages (e.g. Kormos 1937; Kretzoi 
1956; Jánossy 1986; Kordos 1991; Hír 1998).
Th e Nagyharsány Crystal Cave is situated on Szársomlyó Hill, north of the 
village Nagyharsány (Fig. 1). Th e cave was discovered in April 1994, but the an-
thropogenic deposits near the entrance suggest this event could have happened 
earlier by miners or amateur collectors or cavers (Vigassy & Leél-Őssy 2001). 
Ka ta lin Takács-Bolner and her colleagues explored and mapped the cave, and es-
tablished that it is 550 m long, vertically 60 m, and consists of two storeys. Th e up-
per storey contains great chambers covered by dripstone streamings, stalagmites 
and botryoids. Th e lower fl oor consists of calcite layers covered with hot water 
mineral calcite crust and stalactites. Th e Nagyharsány Crys tal Cave is strictly pro-
tected by the Nature Conservation Act (Vigassy & Leél-Őssy 2001).
Th e Nagyharsány Crystal Cave has developed in the tectonic rift s of the 
Cretaceous Nagyharsány Limestone. Th e host rock consists of 99.5% calcium 
carbonate. In the cave deposits, besides carbonate minerals quartz, sericite/illite, 
chlorite, smectite, ankerite and anorthosite are detected, resulting from trans-
port of materials from outside the cave (Vigassy & Leél-Őssy 2001).
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Th e deposits of the cave are very rich in fossil bones; these are mainly isolat-
ed frog remains. Piroska Pazonyi collected the fi rst samples in 1999, which were 
studied by László Kordos, who suggested the Late Pleistocene–Holocene ages 
for these specimens as preliminary results (see Vigassy & Leél-Őssy 2001). 
Some years later Pazonyi (pers. comm.) revised this age determination for Late 
Pleistocene based on fossilised mammal teeth.
Fig. 1. Map showing the geographic location of the Pleistocene Nagyharsány Crystal Cave palaeo-
vertebrate locality
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In this paper a partial toad skeleton is described, which was preserved on a 
clay slab with some other fossil bones.
MATERIAL AND METHODS
Th e studied sample (PAL 2014.1.) is a partial green toad skeleton with other 
toad and snake fossils deposited in the collection of the Hungarian Natural His-
tory Museum, Budapest. Th ese fossils are embedded in a piece of red clay slab. 
Th e preparation was carried out under light microscope (Nikon SMZ445).
Bailon’s (1999) taxonomy was used for the classifi cation of Neozoic an-
urans and morphological terminology, while the taxonomic nomenclature of 
frogs is based on Sanchíz (1998) and Martín et al. (2012). Rage’s (1984) work 
was used for the classifi cation of snakes and their morphological terminology.
SYSTEMATIC DESCRIPTION
Class Amphibia Linnaeus, 1758
Subclass Lissamphibia Haeckel, 1866
Superorder Salientia Laurenti, 1768
Order Anura Fischer von Waldheim, 1813
Family Bufonidae Gray, 1825
Genus Bufo Garsault, 1764
Bufo viridis Laurenti, 1768
(Figs 2/1, 3–7)
B. viridis is represented on the slab by a partial skeleton and some isolated bones. 
Th e partial skeleton is exposed in ventral view (Fig. 2/1). Only a few skull bones are 
preserved from this specimen, as well as the almost complete vertebral column.
Cranium – Th e frontoparietal is always fused with the prootic and the 
exooccipital in Bufo viridis (e.g. Bailon 1999; Venczel 2001; Blain et al. 2010). 
An extinct species with close affi  nities to B. viridis: Pseudepidalea prisca (Špinar, 
Klembara et Meszároš, 1993) is known (originally as B. priscus) from the Middle 
Miocene site (MN6) of Devínska Nová Ves and probably from the French Middle 
Miocene, too (Sanchíz 1998, and references therein). However, it should be 
noted that the type material of Pseudepidelea prisca was originally assigned to 
Bufo cf. viridis by Hodrova (1988, Fig. 4), while Martín et al. (2012) reclas-
sifi ed it as a member of the “Bufo viridis group”. Th e genus name Pseudepidalea 
is not acceptable because this name suggests the “Bufo viridis group” belongs to 
another taxon than all other European toads (e.g. Bufo bufo or B. calamita).
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Vertebral column – It is composed of eight discrete procoelous vertebrae, 
which are partially disarticulated. Th e atlas is ring-like with two anterior cotyles 
and with a pinch between the cotyles. Th e presacral vertebrae (II–VII) maintain 
transverse processes preserved to varying degrees. On the second vertebra the 
transverse processes project anteriorly, while on the others slightly laterally or 
posteriorly (e.g. IV). Th e sacrum has an anterior cotyle and two posterior con-
dyles. Th e transverse processes extend moderately laterally and fl are distally. Th e 
slender, posteriorly tubular urostyle has two anterior cotyles.
Th e isolated bones probably represent one or more specimens of green toads 
on this slab because they are signifi cantly smaller than the bones of the above de-
scribed partial skeleton. Diff erences in bone size and immaturity of these isolated 
Fig. 2. Anuran and snake remains from the Pleistocene Nagyharsány Crystal Cave (PAL 2014.1.). 
1 = Bufo viridis partial skeleton in ventral view; 2 = Anura indet. os cruris (tibiofi bula); 3–7 = Bufo 
viridis right ilium in posterolateral, os antebrachii (radioulna) in lateral, coracoid in dorsal and 
vertebrae in anterior and ventral views; 8 = Natrix sp. trunk vertebra in posterior view
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bones suggest that these fossils belong to one or more younger specimens. Th e dor-
sal crest, similarly to other toads (e.g. Holman 1998; Sanchíz 1998), is absent 
on this ilium (Fig. 2/3), and on the basis of the two-lobed dorsal protuberance this 
specimen belongs to Bufo viridis. Th e pars epicoracoidalis on the relatively elongat-
ed coracoid (Fig. 2/4) is fl at-rounded dorsoventrally while the bends of the margo 
fenestralis and posterior are similar. Th e deep, rounded fossa under the capitulum 
and laterally under the rim of the joint on the radio-ulna (Fig. 2/5) is typical of Bufo 
viridis (e.g. Bailon 1999) just like the distally well-defi ned sulcus longitudinalis 
(Fig. 2/5–7). Th e two isolated vertebrae (Fig. 2/6) are similar to those described 
above on the partial skeleton. Th ese are vertebrae IV and V of the vertebral column 
of a green toad.
Anura indet.
(Fig. 2/2)
Th e red clay slab also contains many fragmentary bones of Anura indet. by 
an angulosplenial, frontoparietals and mainly shin-bones, e.g. os cruris.
Order Serpentes Linnaeus, 1758
Family Colubridae Oppel, 1811
Subfamily Natricinae Bonaparte, 1838
Genus Natrix Laurenti, 1768
Natrix sp.
(Fig. 2/8)
Only a trunk vertebra can be classifi ed as that of a snake. Th e trunk verte-
bra, which could be studied dorsally and posteriorly, is small in size, the length 
of the centrum is about 4 mm. Th e neural spine is relatively thin. Th e zygosphene 
is straight, provided with two lateral tubercles. Th e hypapophysis is posteriorly 
more prominent, expanding to the anterior verge of the condyle. Th e appearance 
of this vertebra is similar to those of the living Natrix natrix (e.g. Čerňanský 
2011, Fig. 8M-R) but the largest part of this bone cannot be studied.
TAPHONOMICAL OBSERVATIONS
Th e fossil remains were transported from the primary biocoenosis to the 
Nagyharsány Crystal Cave by water (probably by a stream or spring snowmelt) 
through the fi ssures of the Nagyharsány Limestone and deposited in the cave. 
Th is suggests periodic external fi lling in of the red clay, which also took place 
by gravitational movement (Vigassy & Leél-Őssy 2001). Th e mainly isolated 
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small mammal bones and the numerous, mainly isolated frog bones accumulated 
during these sedimentary events (e.g. great seasonal rains). Pazonyi and her col-
leagues separated six stratigraphic levels on the basis of the sedimentation pat-
tern of this cave (Pazonyi, pers. comm.).
Th e chaotic orientation of bones on the red clay slab also shows the signs 
of transportation by water and gravitational movement. Th e straight fractures 
of these bones show that these animals were transported to the site long aft er 
their death (e.g. Sóron & Virág 2009). Nevertheless, the partial green toad 
skeleton suggests another event. Th is animal probably slipped alive into a crevice 
of the limestone and perished there. On the basis of the preliminary studies the 
green toad was frequent in the fossil material of Nagyharsány Crystal Cave, but 
this conservation method was probably unique at this locality. Th e moving sedi-
ment transported the corpse to the cave before its total disintegration. Anuran 
skeletal elements, mainly the pectoral and pelvic girdle and limbs, have cartilagi-
nous parts, which are hardly ever preserved in fossils even if these are deposited, 
moreover, these easily break off  the transported body.
PALAEOECOLOGICAL ASSESSMENT
During the Late Pleistocene there were many climatic changes in the 
Carpathian Basin, which is well demonstrated by cluster analysis of the mamma-
lian fauna (Pazonyi 2011). Her study segmented the Late Pleistocene–Holocene 
period into six small mammal fauna types. Two of these phases are cold, two 
are warm and two phases are “transitional”. Th e age of this Nagyharsány site is 
not known exactly, though Pazonyi (pers. comm.), based on the study of small 
mammals, suggests that it belongs to Late Pleistocene when the palaeoarea of 
Nagyharsány was probably a steppe or woody steppe.
According to Holman (1998) at present Bufo viridis occurs in Europe (in-
cluding southern Scandinavia), eastern Kazakhstan, the Altai Mountains, Mon go-
lia and extreme western China, and it is also present at the northern coast of Africa. 
However, Stöck et al. (2006) suggest by mitochondrial analysis that the North 
African toads belong to B. boulangeri, while the Chinese toads belong to B. pew-
zo wi. Th e green toad is essentially a lowland species that oft en lives in dry, sandy 
areas, but is not restricted to such environments. Böhme (1996) suggests B. viridis 
with B. calamita appeared during the latter part of a warm stage, while the pres-
ence of Natrix natrix indicates the early part of a warmer stage. How ever, Rage 
& Bailon (2005) claim that the occurrence of bufonid toads is more oft en associ-
ated with whole interglacial periods. It is known that herpetological species, which 
are ectotherms, compared with homoiotherms, lack those complex physiological 
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mechanisms that would enable them to regulate their body temperature. It follows 
that amphibians and reptiles are more sensitive to temperature changes. However, 
it is not certain whether the green toad is also a good indicator of local temperature 
changes since toads and frogs are able to respond to minor climate variations, as 
the onset of their biological cycle depends on the weather (Hartel et al. 2007).
CONCLUSIONS
From the fossiliferous (probably Late) Pleistocene Nagyharsány Crystal 
Cave the presence of Bufo viridis (Anura) as a partial skeleton and Natrix sp. 
(Squamata: Serpentes) with other isolated bones of green toad were detected on 
a red clay slab.
Th e results of the taphonomical studies suggest that the fossils were depos-
ited on the slab in two ways. Th e isolated bones were deposited similarly to the 
other vertebrate fossils in the Crystal Cave, while the partial skeleton of the green 
toad was deposited as a whole and its limbs and other bones were separated later.
Although Bufo viridis is a broadly tolerant species, it is essentially indicative 
of dry, sandy palaeoenvironments, which on this site was probably a steppe or 
woody steppe. Th e presence of the green toad and Natrix sp. equally suggest a 
warmer interglacial phase during the deposition of these fossils.
*
Acknowledgements – Th e author is grateful to Piroska Pazonyi (MTA–MTM–ELTE Research 
Group for Palaeontology, Budapest), Attila Virág and Mihály Gasparik (Hungarian Natural His-
tory Museum, Budapest) for the opportunity to study this specimen and for their helpful advice. I 
am grateful to Eszter Veszelinov (Department of Foreign Languages, Szent István University, Buda-
pest), who helped to improve the English text. I am also deeply grateful to reviewer Márton Venczel 
(Ţării Crişurilor Museum, Oradea, Romania) for his valuable comments and suggestions which 
improved the paper.
REFERENCES
Bailon S. 1999: Diff érenciation ostéologique des Anoures (Amphibia, Anura) de France. – In: 
Desse J. & Desse-Berset N. (eds): Fiches d’ostéologie animale pour l’archéologie série C: 
Varia, Centre de Recherches Archéologiques du CNRS, pp. 1–38.
Blain H.-A., Gibert L. & Ferràndez-Cañadell C. 2010: First report of a green toad (Bufo 
viridis sensu lato) in the Early Pleistocene of Spain: Palaeobiogeographical and palaeo-
ecological implications. – Comptes Rendus Palevol 9: 487–497.
 http://dx.doi.org/10.1016/j.crpv.2010.10.002
Böhme G. 1996: Zur historischen Entwicklung der Herpetofaunen Mitteleuropas im Eiszeitalter 
(Quartär). – In: Günther R. (ed.): Die Amphibien und Reptilien Deutschlands. Gustav 
Fischer, Jena, pp. 30–39.
Z. Szentesi124
Fragmenta Palaeontologica Hungarica 31, 2014
Čerňanský A. 2011: New fi nds of the Neogene lizard and snake fauna (Squamata: Lacertilia; 
Serpentes) from the Slovak Republik. – Biologia 66(5): 899–911. http://dx.doi.org/10.2478/
s11756-011-0098-y
Hartel T., Sas I., Pernetta A. P. & Geltsch I. C. 2007: Th e reproductive dynamics of temper-
ate amphibians: a review. – North-Western Journal of Zoology 3(2): 127–145.
Hír J. 1998: Cricetids (Rodentia, Mammalia) of the Early Pleistocene vertebrate fauna of Somssich-
hegy 2 (Southern Hungary, Villány Mountains). – Annales historico-naturales Musei nationa-
lis hungarici 90: 57–89.
Hodrova M. 1988: Miocene frog fauna from the locality Devínska Nová Ves. – Bonanza. Věstník 
Ústředníbo ústavu geologiského 63(5): 305–310.
Holman J. A. 1998: Pleistocene amphibians and reptiles in Britain and Europe. – Oxford Mono-
graphs on Geology and Geophysics 38: 1–254.
Jánossy D. 1986: Pleistocene vertebrate faunas of Hungary. – Akadémiai Kiadó, Budapest and Else-
vier Sciences Publishers, Amsterdam, Oxford, New York, Tokyo, 208 pp.
Kordos L. 1991: Villányi hegység, Villány, alsó-pleisztocén ősgerinces lelőhelyek. [Villány Hills, Vil-
lány, Lower Pleistocene fossil vertebrate localities]. – Magyarország Geológiai Alapszelvényei, 
Magyar Állami Földtani Intézet, Budapest, 6 pp. (in Hungarian)
Kormos T. 1937: Zur Geschichte und Geologie der ober pliozänen Knochenbreccien des Villányer 
Gebirges. – Mathematischer und Naturwissenschaft licher Anzeiger der ungarischen Akademie 
der Wissenschaft en 56: 1061–1110.
Kretzoi M. 1956: A Villányi hegység alsó-pleisztocén gerinces faunái. [Lower Pleistocene verteb rate 
faunas of the Villány Hills]. – Geologica Hungarica [Paleontologica] 27: 1–264. (in Hungarian)
Martín C., Alonzo-Zarazaga M. A. & Sanchíz B. 2012: Nomenclatural notes on living and fos-
sil amphibians. – Graellsia 68(1): 159–180. http://dx.doi.org/10.3989/graellsia.2012.v68.056
Pazonyi P. 2011: Palaeoecology of Late Pliocene and Quaternary mammalian communities in the 
Carpathian Basin. – Acta Zoologica Cracoviensia 54A(1–2): 1–29.
 http://dx.doi.org/10.3409/azc.54a_1-2.01-29
Rage J.-C. 1984: Serpentes. – Handbuch der Paläoherpetologie 4. Dr. Friedrich Pfeil, Munich, 275 pp.
Rage J.-C. & Bailon S. 2005: Amphibians and Squamata reptiles from the Late Early Miocene 
(MN4) of Béon 1 (Montreal-du-Gers, southwestern France). – Geodiversitas 27(3): 413–441.
Sanchíz B. 1998: Salientia. – Handbuch der Paläoherpetologie 11. Dr. Friedrich Pfeil, Munich, 80 pp.
Sóron A. & Virág A. 2009: Detailed quantitative method in microvertebrate taphonomy in the 
case of Pleistocene fi lling of the Vaskapu II rock shelter. – Central European Geology 52(2): 
185–198. http://dx.doi.org/10.1556/CEuGeol.52.2009.2.4
Stöck M., Moritz C., Hickerson M., Frynta D., Dujsebayeva T., Eremchenko V., Macey 
J. R., Papenfuss T. J. & Wake D. B. 2006: Evolution of mitochondrial relationships and 
bio geography of Palearctic green toads (Bufo viridis subgroup) with insights in their genomic 
plasticity. – Molecular Phylogenetics and Evolution 41: 663–689.
 http://dx.doi.org/10.1016/j.ympev.2006.05.026
Venczel M. 2001: Anurans and squamates from the Lower Pliocene (MN14) of Osztramos 1 lo-
cality (Northern Hungary). – Fragmenta Palaeontologica Hungarica 19: 79–90.
Vigassy T. & Leél-Őssy Sz. 2001: A Beremendi- és a Nagyharsányi-kristálybarlang. [Th e Bere-
mend and Nagyharsány Crystal Caves]. – Karsztfejlődés 6: 241–249. (in Hungarian with 
English abstract)
